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Half-Wave Resonator Cryomodule
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Half-Wave Resonator Cryomodule

®  Goals and associated scope of work

— Develop, design, build, provide off-line pre-commissioning, deliver and install
a cryomodule comprising 8 SC solenoids, 8 half wave resonatorsand 8 BPMs

— Satisfy all functional requirement specifications (FRS)
"  Primary technical challenges
— HWR including 10-kW RF coupler and slow tuner
¢ Unique for 2 mA CW linac
e Must provide 1.7 MV per cavity
— Compact lattice
— SC solenoid with steering coils in both focusing planes
— “Cold” BPMs

— Alignment of multiple solenoids, cavities and BPMs with +250 um accuracy

2013 XMAC Meeting, P.N. Ostroumov
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Scope of FNAL-ANL Collaboration

A Beweekly meetings at Argonne
- Wednesday, 8.30am, reports & minutes

A Tours to ANL Facilities and Vendors
- 02/2015 Visit taMleyer Tool
- 10/2016 AD engineers visited ANL to see the HWR CM mock assembly
-02/2017 TD/SSR1 engineers visited ANL to see thestold alignment

A Joint Meetings
- 03/28/14 ANI-FNAL meeting on the HWEM cryogenic system
- 01/25/17 ANI-FNAL meeting on the HWRwer coupler production
A Onsite Support
- FNAL engineers help ANL to set up and run the 162.5 MHz RF system
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Half Wave Resonator (HWR) 162.5 MHz

= Why 162.5 MHz HWRs?
— Significant cost reduction as compared to 325 MHz spoke option
— Favorable beam dynamics

— At 162.5 MHz, 3~0.11, HWRs are most cost effective compared to any other type

= Excellent EM properties. Recommended design voltage is 1.7 MV which
corresponds to Epga = 38 MV/m and Bpgp =44 mT

EJ;@Q BOPT LEFF EPEAK/EACC BF’EAK/EACC R/Q G
MHz (cm) mT/[MV/m] Q Q
162.5 0.112 20.7 4.6 5.0 271 48

= For the first time in HWRs we are implementing
— Double-conical shape to reduce peak

magnetic field =
— “donut” shape of the central conductor o
to minimize effect of the quadrupole

component of the electric field on

beam dynamics and increase shuntimpedance

=

PXIE Review, P.N. Ostroumov
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HWR Cavity QO Test
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HWR Cavity QO Test

HWR Q Curves
1.E+11

= Residual resistance is
2.6 nQ up to 14 MV/m.
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The cavities were tested at 2K with:
— The prototype solenoid next to it.
— The slow tuner installed on the cavity.
The cavity performance exceeded the design goals.

The cavity performance did not change when quenched
with the solenoid fields on.

— This was done for both the steering coils and the
main coil.
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HWR Cavity QO Test

01/2016 R

- HWR #1 production cavity is preparing for the installation in TC3 test stand. A small leak
detected in return He-return pipe system,

1. HWE cryomodule and cavities production

(<«6e—8) ha=s been
but Zack assured it is still safe to operate the cavity. The cooldown
iz =scheduled during the weekend. Hext week the HWR #1 will be measured for Q0 at 2K and 4K, LFD and dF/dP

1. HWR cryomodule and cavities production

— Test of HWR #1 with unity coupling i= completed. Cavity demonstrated similar performance as the prototype HWR #0,
and reached the max gradient of ~ 22 MV/m with high ¥-ray above 20 MV/m leading to a quench.

The measured internal guality factor at nominal gradient i=s Q0 =

1210, which is le=s=s than a remarkable 2el0
obtained in HWR= #0 & #1 but =still higher than the design goal of 7e8. LFD and df/dp coefficients were

measured as well: K LFD = 0.95 Hz/ (MV/m)"2 and df/dp = 9.8 Hz/mbar

1. HWR cavities production

— HWR #1 was tested with the power coupler at 162.5 MH=z,

4 kW CW regime, on-resonance
Cavity reached 5 MV/m gradient limited by a high x-ravs

(field emis=ion?) Possible reason is
a contamination due to coupler's cold part assembly within a local soft wall clean—room.

The cavity will be re-cleaned with HPR and re-tested in next 3-4 weeks.

04/2016

the spectrum of microphonics i=s measured: rms 2.5 Hz, peak 15 H=
low-Q test will start in 2-3 days with all power coupler components been baked at 400C

04/2016

— HWR #1 cavity has been tested (after re-cleaning) with HWR power coupler installed.
Cavity successfully reached ~ 10 MV/m accelerating gradient,

— HWR #1 i= cooled down to 4.2EK,

1. HWER cavities production

no significant x-ray radiation was detected.
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HWR Cavity QO Test

1.

1.

HWR cawvities production 03/2016

HWR cavities production 09/2016

HWR #4

- Two minor leaks (~le-6 mbar-1/=3) were detected after the assembly of HWR #4 cavity for high-{Q test.
Ome leak was identified inm the new turbo pump and other in the indium =eal of the high-{ coupler.
The new turbo pump was not checked for leaks before the installation. ANL run first test at ~4.5H
and cavity reached 10 MV/m gradient limited by a strong FE (x-ray) above this lewvel. After wventing the
cavity He-wessel and repeating the test at 4H, the FE threshold abruptly has decreased to 7 MV/m
and further to 3-4 MV/m during the 2K test. ANL assumes a cavity contamination (because of leaks)
and arranges cavity re-cleaning and repeating the high-{Q test.

06/2016

= July 2016 test:

— After the March 2016 test the cavity
was ultrasonically cleaned and HPRed
again. No additional chemistry.

— Continuous conditioning above 2.5
MV/m.

— Could not condition above ~8 MV/m.

- HWR #4 cavity successfully passed the 2nd high-Q test (after a leak and strong FE in March).
Cavity demonstrated Q0 ~ 1.2el0 at nominal parameters (2K & 8 MV/m) and reached gradient of 26 MV/m (FE guench).

S50 far the performance of 2 prototype and 4 production HWR cavities have been werified and
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